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(g) System for monitoring ATM cross-connecting apparatus by inside-apparatus monitoring cell. 
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(57) A system for monitoring an ATM cross- 
connecting apparatus by inputting a test ceil 
through a path for a main signal into the ATM 
cross-connecting apparatus, and examining the 
cell after the cell passed through the ATM 
cross-connecting apparatus. An initial value of 
a PN sequence and the PN sequence generated 
based on the initial bit sequence is written in the 
test cell before inputting to the ATM cross- 
connecting apparatus. When examining the test 
cell, the initial bit sequence and the PN sequ- 
ence are read from the cell, a PN sequence is 
generated based on the initial bit sequence, and 
is then compared with the PN sequence read 
from the test cell to detect an error in the test 
cell. In addition, a bit pattern indicating a primi- 
tive polynomial to generate the PN sequence 
nruiy be written in the test cell. In this case, the 
bit pattem is used for generating the PN sequ- 
ence when examining the test cell. Further, the 
same VPI values may be written in both the 
header and the infonnation field of the test cell 
before inputting the cell to the ATM cross- 
connecting apparatus, and the VPI value in the 
infonmation field is compart with a VPI value 
in the header of the test cell when examining 
the test cell. (Figs. 7. 10. and 12) 
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BACKGROUND OF THE ItslVENTION 

(1) Field of the Invention 

5 The present invention relates to a system for monitoring an ATM cross-connecting apparatus by inputting 

a test cell through a nomial signal path into the ATM cross-connecting apparatus, and examining the cell after 
the cell passes through the ATM cross-connecting apparatus. 

(2) Description of the Related Art 

10 

In ATM (Asynchronous Transfer Mode) networlcs. virtual paths are cross-connected (switched) by an ATM 
cross-connecting (virtual path switching) apparatus, which is generally provided in nodes in the ATM network. 
In each ATM cross-connecting apparatus, a virtual path identifier (VPI) in each cell incoming thereto is rewritten 
in accordance with a virtual path identifier conversion table, and the cell is cross-connected to another virtual 

IS path in accordance with a routing table. 

Conventionally, to monitor the normality of the operation of the ATM cross-connecting apparatus, an OAM 
(Operation, Administration, and Maintenance) cell Is transferred as a test cell through a path of the main signal 
(signal-representing information to be transmitted between users of the ATM network), and the content of the 
transferred OAM cell is examined. 

20 However, conventionally, the content of the above oAM cell as a test cell is written by software in a controller 

of the ATM cross-connecting apparatus in a node, and is examined by software in the same controller of the 
ATM cross-connecting apparatus or a controller of an ATM cross-connecting apparatus in the next node to 
which the OAM cell Is outgoing from the above ATM cross-connecting apparatus. The testing and monitoring 
by transferring the OAM cell Is carried out for every virtual path connected to the ATM cross-connecting appa- 

25 ratus. and the content of information fields of the OAM cells must be various data (bit) patterns. Therefore, a 
heavy load is imposed on processors in the controller of the ATM cross-connecting apparatuses. In addition, 
the above various patterns must be stored from the time the pattems are written in the OAM cell until the content 
of the transfenred OAM cell are respectively compared with the stored pattems (examined). Further, the stored 
patterns may be transferred to the next node when the examination is carried out in the next node. Since the 

30 size of the information field is 48 bytes, a memory areas of considerable size are required to store the at>ove 
pattems. and a considerable amount of data (pattems) must be transferred to the next node. Otherwise, the 
patterns to be written in the OAM cells may be delivered from a central monitoring apparatus to each pair of 
nodes when the OAM cells are input to an ATM cross-connecting apparatus in one of the pair of nodes and 
are examined in the other of the pair of the nodes. In this case, a large amount of data (pattems) must be de- 

35 livered to the pairs of nodes. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a system for monitoring an ATM cross-connecting apparatus 

40 wherein a load imposed on software in a controller of the ATM cross-connecting apparatus is reduced. 

Another object of the present invention is to provide a system for monitoring an ATM cross-connecting ap- 
paratus wherein a whole bit pattem written in a test cell is not required to be supplied for examining the test 
cell after being cross-connected in the ATM cross-connecting apparatus. 

According to the first aspect of the present invention, there is provided a system for monitoring an ATM 

45 cross-connecting apparatus by inputting a test cell through a path for a main signal into the ATM cross- 
connecting apparatus, and examining the cell after the cell passes through the ATM cross-connecting appa- 
ratus. The ATM cross-connecting apparatus contains: a plurality of input ports and a plurality of output ports, 
and a switching unit for cross-connecting the plurality of input ports with the plurality of output ports in accor- 
dance with a given routing information. The system contains for each input port of the ATM cross-connecting 

50 apparatus: a first sequence generating unit for inputting an initial bit sequence having a predetermined length, 
and generating a PN sequence initiated by the initial bit sequence; a test cell generating unit for generating a 
test cell containing the initial bit sequence and the PN sequence generated as above; and a test cell inputting 
unit for inputting the test cell in the ATM cross-connecting apparatus through the input port. The system contains 
for at least one of the output ports of the ATM cross-connecting apparatus, connected with the at>ove each 

55 input port through the ATM cross-connecting apparatus: a test cell receiving unit for receiving the test cell output 
from the above at least one output port; an initial bit sequence extracting unit for extracting the above initial bit 
sequence written in the test cell received through the output port; a PN sequence extracting unit for extracting 
the above PN sequence from the test cell output from the above at least one output port; a second PN sequence 
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generating unit, having the same construction as said first PN sequence generating unit, for inputting said gen- 
erating a PN sequence initiated by the initial bit sequence extracted by the initial bit sequence extracted unit; 
a comparing unit for comparing the extracted PN sequence with the PN sequence generated in the second PN 
sequence generating unit initiated by the extracted initial bit sequence, to output an error detect signal when 

5 the above two PN sequences are not equal. 

According to the second aspect of the present invention, there is provided a system for monitoring an ATM 
cross-connecting apparatus by inputting a test cell through a path for a main signal into the ATM cross- 
connecting apparatus, and examining the cell after the cell passed through the ATM cross-connecting appa- 
ratus. The ATM cross-connecting apparatus contains: a plurality of input ports and a plurality of output ports, 

10 and a switching unit for cross-connecting the plurality of input ports with the plurality of output ports in accor- 
dance with a given routing information. The system contains for each input port of the ATM cross-connecting 
apparatus: a first sequence generating unit for inputting information indicating a primitive polynomial to be used 
for generating a PN sequence, and an initial bit sequence having a predetemilned length, and generating a 
PN sequence based on the primitive polynomial and initiated by the initial bit sequence; a test cell generating 

15 unit for generating a test cell containing the above information on the primitive polynomial, the initial bit se- 
quence, and the PN sequence generated as above; and a test cell inputting unit for inputting the test cell in the 
ATM cross-connecting apparatus through the input port The system contains for at least one of the output ports 
of the ATM cross-connecting apparatus, connected with the above each input port through the ATM cross- 
connecting apparatus: a test cell receiving unit for receiving the test cell output from the above at least one 

20 output port; a primitive polynomial information extracting unit for extracting the above information on the prinr>- 
itive polynomial to be used for generating the PN sequence, from the received test cell; an initial bit sequence 
extracting unit for extracting the above initial bit sequence written in the test cell received through the output 
port; a PN sequence extracting unit for extracting the above PN sequence from the teat cell output from the 
above at least one output port; a second PN sequence generating unit for inputting said generating a PN se- 

25 quence based on the primitive polynomial indicated by the extracted information and initiated by the extracted 
initial bit sequence; a comparing unit for comparing the extracted PN sequence with the PN sequence generated 
in the second pN sequence generating unit initiated by the extracted initial bit sequence, to output an error de- 
tect signal when the above two PN sequences are not equal. 

According to the third aspect of the present invention, there is provided a system for monitoring an ATM 

30 cross-connecting apparatus by inputting a test cell comprised of a header and an information field and con- 
taining a first virtual path identifier in the header, through a path for a main signal into the ATM cross-connecting 
apparatus, and examining the cell after the cell passes through the ATM cross-connecting apparatus, the ATM 
cross-connecting apparatus contains: a plurality of input ports and a plurality of output ports, a virtual path iden- 
tifier converting unit for converting the first virtual path Identifier contained in the test cell into a second virtual 

35 path identifier which is predetermined conresponding to the first virtual path identifier, and a switching unit for 
cross-connecting the plurality of input ports with the plurality of output ports in accordance with given routing 
infomriation. The system contains, for each input port of the ATM cross-connecting apparatus: a test cell gen- 
erating unit for generating a test cell containing, in addition to the first virtual path identifier in the header, the 
same first virtual path identifier in the information field thereof; and a test cell inputting unit for inputting the test 

40 cell in the ATM cross-connecting apparatus through the input port the system contains for at least one of the 
output ports of the ATM cross-connecting apparatus, connected with the above each port through the ATM 
cross-connecting apparatus: a virtual path identifier conversion information storing unit for storing information 
on the above conversions carried out in the above virtual path identifier converting unit conresponding to the 
above at least one output port; a test cell receiving unit for receiving the test cell output from the above at least 

45 one output port a first virtual path identifier extracting unit for extracting the above first virtual path identifier 
contained in the information field of the test cell received through the output port a second virtual path identifier 
extracting unit for extracting the above second virtual path identifier converted by the virtual path identifier con- 
verting unit and contained in the header of the test cell received through the output port; and an error detecting 
unit for determining whether or not the first virtual path identifier extracted firom the infonmation field correctly 

50 corresponds to the second virtual path identifier extracted from the header, to output an error detect signal when 
the above first and second virtual path identifiers do not con'espond to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 In the drawings: 

Figure 1 is a diagram indicating a fonmat of an ATM cell. As indicated in Fig. 1 . the above-mentioned virtual 
path identifier (VPI) and a virtual channel identifier (VCI) for identifying a virtual path are mitten in the header 
area; 
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Figure 2 is a diagram indicating an outline of the construction of a conventional ATM cross-connecting ap- 
paratus, and an example path of an OAM cell for testing the operation of the ATM cross-connecting appa- 
ratus; 

Figure 3 is a diagram indicating the construction of the receiving unit iia (i=l to n) in Fig. 2; 
5 Figure 4 is a diagram indicating the construction of the transmitting unit 1jb in Fig. 2; 

Figure 5 is a diagram indicating an outline of the construction of the ATM cross-connecting apparatus ac- 
cording to the present invention; 

Figure 6 is a diagram indicating the construction of the test cell generating unit 200 according to the first 
embodiment of the present invention; 
10 Figure 7 is a diagram indicating the contents of the information field of the test cell in the first embodiment 

of the present invention; 

Figure 8 is a diagram indicating the construction provided for an output port connected with each input port 
of the ATM cross-connecting apparatus through the switching unit 3. in the test cell eaor detecting unit 
300 according to the first embodiment of the present invention; 
IS Figure 9 is a diagram indicating the construction of the test cell generating unit 200 according to the second 

embodiment of the present invention; 

Figure 1 0ls a diagram indicating the contents of the information field of the test cell in the second embodi- 
ment of the present inyentton; 

Figure 11 is a diagram indicating the construction provided for an output port connected with each input 
20 port of the ATM cross-connecting apparatus through the switching unit 3, in the test cell error detecting 

unit 300 according to the second embodiment of the present invention; 

Figure 12 Is a diagram indicating the contents of the information field of the test cell in the third embodiment 
of the present invention; and 

Figure 13 is a diagram indicating the construction provided for an output port connected with each input 
25 port of the ATM cross-connecting apparatus through the switching unit 3, in the test cell error detecting 

unit 300, according to the third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 Format of Cell (Fig. 1) 

Figure 1 is a diagram indicating a fonmat of an ATM cell. As indicated in Fig. 1 , the above-mentioned virtual 
path identifier (VPI) and a virtual channel identifier (VCI) for identifying a virtual path are written in the header 
area. In addition. PT denotes a field of Pay Load Type, which is used to indicate whether the cell is used for a 
35 user, or is used as an OAM celt. 

Conventional Monitoring System (Figs. 2, 3, and 4) 

Figure 2 is a diagram indicating an outline of the construction of a conventional ATM cross-connecting ap- 
40 paratus, and an example path of an OAM cell for testing the operation of the ATM cross-connecting apparatus. 
In Fig. 2, reference numerals 1i (i=l to n) each denote an interface unit corresponding to each input/output port 
of the ATM cross-connecting apparatus. Iia (i=l to n) each denote a receiving unit, 1jb to n) each denote 
a transmitting unit. 2i (i=t to n) each denote a virtual path identifier (VPI) conversion unit, and 3 denotes a switch- 
ing unit. An incoming cell transferred from another node or a tenminal is received by the receiving unit Iia (i=l 
45 to n) in each interface unit li. and is multiplexed therein. Then, a virtual path identifier (VPI) in each cell is re- 
placed with another virtual path identifier (VPI) conresponding to a virtual path through which the cell is to be 
output to a next node. The replacement (conversion) of the virtual path identifier (VPI) is carried out in accor- 
dance with a virtual path identifier (VPI) conversion table (not shown) provided in each virtual path identifier 
(VPI) conversion unit 2i. 

50 The cell output from each virtual path identifier (VPI) conversion unit 21 is switched (cross-connected) to 

an output port of the switching unit 3, where the output port corresponds to another virtual path. The cell output 
from each output port of the switching unit 3 is applied to one of the transmitting units Ijb in one of the interface 
units 1 i corresponding to the virtual path, is demultiplexed therein, and is then transmitted therefrom to the next 
node. 

55 Figure 3 is a diagram indicating the construction of the receiving unit 1 ia (i=l to n) in fig. 2. In Fig. 3, reference 

numeral 101 denotes a test cell inserting unit, 102 denotes an ATM reception processing unit, and 103 denotes 
a selector. A main signal containing an input cell (containing information to be transmitted between users of 
the ATM network) is transfen-ed from another node to the ATM reception processing unit 102. The ATM recep- 
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tion processing unit 102 contains a buffer memory (not shown), and the above input cell is temporarily written 
in the buffer memory. The input cell in the buffer memory is then transfenred to the selector 103. On the other 
hand, test cells are generated In and supplied from the above-mentioned controller of the ATM cross-connecting 
apparatus (not shown) accompanied with the ATM cross-connecting apparatus. The test cell is temporarily held 

5 in the test cell inserting unit 101. When at least one input cell is held in the buffer memory, the selector 103 
selects the input cell from the ATM reception processing unit 102 as its output, or when no input cell is held in 
the buffer memory in the ATM reception processing unit 1 02, the selector 103 selects the test cell supplied from 
the test cell inserting unit 101. Thus, the test cells are multiplexed with a flow of the input cells by the selector 
103. The multiplexed cells are supplied to the virtual path identifier (VPI) conversion unit 2i. 

10 Figure 4 is a diagram indicating the construction of the transmitting unit Ijb in Fig. 2. In Fig. 4, reference 

numeral 104 denotes a test cell separating unit, and 105 denotes an ATM transmission processing unit. 

Each cell including either a cell of tiie main signal or a teat cell, switched in the switching unit 3, is supplied 
to the test cell separating unit 104. In the test cell separating unit 104, test cells are separated from the other 
cells to be transmitted to the other node. The separation of each cell is carried out baned on whether or not 

15 the field of the Pay Load Type indicates that the cell is an OAM cell. The separated test cells are supplied to 
the controller of the ATM cross-connecting apparatus, and the above cells to be transmitted to the other node 
are supplied to the ATM transmission processing unit 1 05. The ATM transmission processing unit also contains 
a buffer amriory (not shown), and the above cells to be transmitted to the other node are temporarily held in the 
buffer memory, and are then transmitted therefrom to the other node. 

20 

Outline of ATM Cross-Connecting Apparatus (Fig. 5) 

Figure 5 is a diagram indicating an outline of the construction of the ATM cross-connecting apparatus ac- 
cording to the present invention. In Fig. 5, reference numeral 100 denotes a main portion of the ATM cross- 

25 connecting apparatus which has almost the same construction as indicated in Figs. 2 to 4, 200 denotes a test 
cell generating unit, 300 denotes a test ceil error detecting unit, and 400 denotes a controller of the ATM cross- 
connecting apparatus. The controller 400 writes the contents of the above-mentioned virtual path identifier (VPI) 
conversion table (not shown) and the routing table in accordance with instructions given from a central control 
station (not shown) controlling the whole ATM network. In addition, the controller of the ATM cross-connecting 

30 apparatus monitors the operation of the ATM cross-connecting apparatus in accordance with the present in- 
vention as explained below, and, when a malfunction of the ATM cross-connecting apparatus is detected, the 
malfunction is reported to the central control station. The test cell generating unit 200 and the test cell error 
detecting unit 300 are provided according to the present invention. The constructions and operations of these 
units 200 and 300 are explained below for first to third embodiments of the present invention, respectively. 

35 

First Embodiment (Figs. 6, 7, and 8) 

Figure 6 is a diagram indicating the construction provided for each input port of the ATM cross-connecting 
apparatus in the test cell generating unit 200 according to the first embodiment of the present invention. In Fig. 

40 6, reference numeral 21 denotes a PN sequence generator, and lia* (i=l to n) each denote a receiving unit. 
Namely, the test cell generating unit 200 according to the first embodiment of the present invention contains a 
PN sequence generator 21 for each receiving unit lia. The PN sequence generator 21 is constructed by, for 
example, a m-stage shift register with linear feedback in accordance with a predetermined primitive polynomial 
of order m (where m is an integer), inputs an initial bit sequence supplied from the controller 400 and having 

45 a predetemnined length at least equal to m. and generates a PN sequence initiated by the initial bit sequence 
and based on a predetermined primitive polynomial. The initial bit sequence and the PN sequence generated 
by the PN sequence generator 21' are supplied to the test cell inserting unit 101' in the receiving unit 1 ia'. The 
test cell inserting unit 101 ' generates a test cell by writing the initial bit sequence and the above-generated PN 
sequence in the information field as indicated in Fig. 7, and writing the indication that the cell is an OAM cell 

50 in the Pay Load Type field in the header. The test cell inserting unit 101 ' inserts tiie generated test cell between 
the flows of the Input cells through the selector 103 in the same manner as the construction of Fig. 3. The other 
construction of the receiving unit lia* is the same as the constnjction of Fig. 3. 

Figure 8 is a diagram indicating the construction provided for an output port which is connected with each 
input port of the ATM cross-connecting apparatus through the switching unit 3, in the test cell error detecting 

55 unit 300 according to the first embodiment of the present invention. In Fig. 8, reference numeral 31 denotes 
an initial bit sequence extracting unit, 32 denotes a PN sequence extracting unit, 33 denotes a PN sequence 
generator. 34 denotes a comparing unit, and 1jb denotes the same construction of the transmitting unit of Fig. 
4. The test cells are separated from the other cells to be transmitted to the other node, in the test cell separating 
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unit 104 in the same manner as the construction of Fig. 4. The separated test cells are supplied to the initial 
bit sequence extracting unit 31 and the PN sequence extracting unit 32. The initial bit sequence extracting unit 
31 extracts the initial bit sequence of the PN sequence from the area of the initial bit sequence in the infonmation 
field of the test cell, and the PN sequence extracting unit 32 extracts the PN sequence from the area thereof 

5 in the information field of the test cell. The PN sequence generator 33 has the same construction as the PN 
sequence generator 21 provided for the input port connected with the output port through the switching unit 3. 
The PN sequence generator 33 generates a PN sequence initiated by the initial bit sequence extracted by the 
initial bit sequence extracting unit 31. and based on the same primitive polynomial as the at)Ove PN sequence 
generator 21. The comparing unit 34 compares the PN sequence generated in the PN sequence generator 33 

10 with the PN sequence extracted by the PN sequence extracting unit 32. and outputs an error detect signal to 
the controller 400 when any difference between both the PN sequences is detected. 

Thus, according to the above construction of the first embodiment of the present invention, when an error 
occurs in the area of the Initial bit sequence of the PN sequence in the infonmation field of the test cell, the PN 
sequence generator generates a PN sequence different from the PN sequence generated in the PN sequence 

15 generator 21. and therefore, the error is detected as the difference between both the PN sequences. In addition, 
when an error occurs in the area of the PN sequence in the infonmation field of the test cell, the enror is detected 
as the difference between both the PN sequences. 

Further, since all of the constructions of Figs. B and 8 are realized by a hardware logic circuit of a small 
size, no heavy load is imposed on the controller 400. Namely, the controller 400 of the ATM cross-connecting 

20 apparatus is required only to supply the Initial bit sequence of a PN sequence to be generated, and monitor 
the error detect signal output from the comparing unit 34 of Fig. 8. 



Second Embodiment (Figs. 9. 10, and 11) 

25 Figure 9 is a diagram indicating the construction provided for each input port of the AThA cross-connecting 

apparatus in the test cell generating unit 200 according to the second embodiment of the present invention. In 
Fig. 6, reference numeral 21 ' denotes a PN sequence generator, and 1 ia" (i=l to n) each denote a receiving 
unit Namely, the test cell generating unit 200 according to the second embodiment of the present invention 
contains a PN sequence generator 21' for each receiving unit 1ia. The PN sequence generator 21' Is comprised 

30 of a plurality of PN sequence generating circuits corresponding to a plurality of primitive polynomials, respec- 
tively. Each PN sequence generating circuit is constituted by a m-stage shift register with linear feedback in 
accordance with a corresponding primitive polynomial of order m (where m is an integer). The PN sequence 
generator 21' comprises a selector (not shown) for activating one of the above plurality of PN sequence gen- 
erating circuits when a bit pattern Indicating a type of a primitive polynomial is supplied from the controller 400. 

55 Thus, PN sequence generator 21 ' functions as one of the plurality of PN sequence generating circuite desig- 
nated by the bit pattem. The PN sequence generator 21' then inputs an initial bit sequence supplied from the 
controller 400 and having a predetermined length at least equal to m. and generates a PN sequence initiated 
by the received initial bit sequence and based on the primitive polynomial determined by the supplied bit pattem. 
Table 1 indicates examples of the bit patterns for some typical primitive polynomials. 





Bit Patrerne and 


Primitive Polynomials 


ORDER 


BIT PATTERN 


PRIMITIVE POLYNOMIAL 


2 


00000111 


X'+X+l 


3 


00001101 


XM-X'+l 


S 


00101001 


X«+X*+l 


7 


11000001 


X'+X«+l 



The above bit pattem indicating the primitive polynomial, the initial bit sequence, and the PN sequence 
generated by the PN sequence generator 21' are supplied to the test cell inserting unit 101" in the receiving 
unit 1 ia". The test cell inserting unit 1 01 " generates a test cell by writing the bit pattem. the Initial bit sequence, 
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and the following PN sequence in the infonmation field as indicated in Fig. 10, and writing the indication that 
the cell is an OAM cell in the Pay Load Type field in the header, the test cell inserting unit 101 " inserts the gen- 
erated test cell between the flows of the input cells through the selector 103 in the same manner as the con- 
struction of Fig. 3. The other construction of the receiving unit lia" is the same as the construction of Fig. 3. 

5 Figure 11 is a diagram indicating the construction provided for an output port connected with each input 

port of the ATM cross-connecting apparatus through the switching unit 3, in the test cell enror detecting unit 
300 according to the second embodiment of the present invention. In Fig. 1 1 , reference numeral 41 denotes a 
bit pattern extracting unit, 42 denotes an initial bit sequence extracting unit, 43 denotes a PN sequence ex- 
tracting unit, 44 denotes a PN sequence generator, 45 denotes a comparing unit, and 1jb denotes the same 

10 construction of the transmitting unit of Fig. 4. The test cells are separated from the other cells to be transmitted 
to the other node, in the test cell separating unit 104 in the same manner as the construction of Fig. 4. The 
separated test cells are supplied to the bit pattem extracting unit 41, the initial bit sequence extracting unit 42, 
and the PN sequence extracting unit 43. The bit pattern extracting unit 41 extracts the above bit pattern from 
the area of the bit pattern in the information field of ttie test cell. The initial bit sequence extracting unit 42 ex- 

15 tracts the initial bit sequence of the PN sequence from the area of the initial bit sequence in the information 
field of the test cell, and the PN sequence extracting unit 43 extracts the PN sequence from the area thereof 
in the information field of the test cell. The PN sequence generator 44 has the same construction as the PN 
sequence generator 21' provided for the input port connected with the output port through the switching unit 
3. and activates one of the plurality of PN sequence generating circuits therein in response to the bit pattem 

x> extracted by the bit pattern extracting unit 41 . The PN sequence generator 44 generates a PN sequence initi- 
aled by the initial bit sequence extracted by the initial bit sequence extracting unit 42, and based on the primitive 
polynomial determined by the extracted bit pattern. The comparing unit 45 compares the PN sequence gener- 
ated in the PN sequence generator 44 with the PN sequence extracted by the PN sequence extracting unit 43, 
and outputs an error detect signal to the controller 400 of the ATM cross-connecting apparatus when any dif- 

?5 ference between both the PN sequences is detected. 

Thus, according to the above construction of the second embodiment of the present invention, when an 
error occurs in the area of the bit pattern indicating the primitive polynomial in the information field of the test 
cell, the PN sequence generator generates a PN sequence different from the PN sequence generated in the 
PN sequence generator 21', and therefore, the error is detected as the difference between both the PN se- 

30 quences. In addition, the errors in the areas of the initial bit sequence and the PN sequence can be detected 
in then same manner as the first embodiment of the present invention. 

Further, similar to the first embodiment, since ail of the constructions of Figs. 9 and 1 1 are realized by a 
small size hardware logic circuit, no heavy load is imposed on the controller 400 of the ATM cross-connecting 
apparatus. Namely, the controller 400 is required only to supply the bit pattern indicating a primitive polynomial 

35 and the initial bit sequence of a PN sequence to be generated, and monitor the enror detect signal output from 
the comparing unit 45 of Fig. 1 1 . 

Third Embodiment (Figs. 12 and 13) 

40 In the third embodiment of the present invention, no construction is provided as the test cell generating 

unit 200, and a test cell containing the same value as the virtual path identifier (VP!) written in the header of 
the test cell, in a predetemnined area of the information field of the test cell, is supplied from the controller 400 
of the ATM cross-connecting apparatus to the test cell inserting unit 101 of the receiving unit lia (i^l to n). The 
construction of ttie receiving unit lia is the same as the construction of Fig. 4. Figure 12 is a diagram indicating 

45 the test cell used in the third embodiment of the present invention. In Fig. 12, 'VPII" denotes the virtual path 
identifier (VPI) in the header, and :VPI2" denotes the above area in which the same value as the virtual path 
identifier (VPI) in the header is initially written. The above test cell fe input into the ATM cross-connecting ap- 
paratus in the same manner as the construction of Fig. 4. Then, the virttjal path identifier (VPI) in the header 
is re-written in the con-esponding virtual path identifier (VPI) conversion unit 2i (i=l to n) in accordance with the 

50 above-mentioned virtual path identifier (VPI) conversion table (not shown), and the test cell is switched in the 
switching unit 3 to one of the fransmitting units Ijb (j=l to n) corresponding to a virtual path determined in ac- 
cordance with the above-mentioned routing table (not shown). The routing table contains information on con- 
nections between input ports and output ports of the switching unit 3. 

Figure 13 is a diagram indicating the construction provided for an output port connected with each input 

55 port of the ATM cross-connecting apparatus ttirough the switching unit 3, in the test cell error detecting unit 
300 according to the third embodiment of the present invention. In Fig. 13, reference numeral 51 denotes a 
virtual path identifier (VPI) extracting unit. 52 denotes a path monitoring unit, and Ijb denotes tiie same con- 
struction of the transmitting unit of Fig. 4. The test cells are separated from the other cells to be transmitted to 
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the other node, in the test cell separating unit 104 in the same manner as the construction of Fig. 4. The sepa- 
rated test cells are supplied to the virtual path Identifier (VPI) extracting unit 51 . The virtual path identifier (VP!) 
extracting unit 51 extracts the above value of the virtual path identifier (VPI) from the area VPI2 in the information 
field of the test cell. The extracted value of the virtual path identifier (VPI) indicates the virtual path identifier 

5 (VPI) before being converted in the virtual path identifier (VPI) conversion table 2i (i=l to n) when no error occurs 
in the area VPI2. The extracted value of the virtual path identifier (VPI) before the conversion.is supplfed to the 
path monitoring unit 52 together with the virtual path identifier (VPI) in the header of the test cell. In the path 
monitoring unit 52. the Information relating to the output port of the switching unit 3 to which the transmitting 
unit 1jb is connected, is supplied from the controller, and is stored therein in advance. When receiving the at>ove 

10 extracted value of the virtual path identifier (VPI) before the conversion, the path monitoring unit 52 determines 
whether or not the extracted value of the virtual path identifier (VPI) before the conversion conresponds to the 
virtual path identifier (VPI) in the header of the test cell, based on the above information relating to the output 
port of the switching unit 3 to which the transmitting unit Ijb is connected. When these virtual path identifier 
(VPI) values do not correspond to each other, the path monitoring unit 52 outputs an error detect signal to the 

15 controller 400 of the ATM cross -connecting apparatus. 

The above virtual path identifier (VPI) values will not correspond to each other when the conversion of the 
virtual path identifier (VPI) In the virtual path identifier (VPI) conversion table 21 or the switching operation in 
the switching-unit 3 is not carried-out conrectly. Thus, according to the above construction of 
ment of the present invention, the nomnality of the operation of converting the virtual path identifier (VPI) In the 

20 ATM cross-connecting apparatus, and the operation of the switching unit 3 can be monitored. 

Similar to the first and second embodiments, since all of the constructions of Figs. 9 and 1 1 are realized 
by a small size hardware logic circuit, no heavy load is imposed on the controller 400 of the ATM cross- 
connecting apparatus. Namely, the controller 400 is required only to supply the initial virtual path identifier (VPI) 
of the test cell, and monitor the error detect signal output from the path monitoring unit 52 of Fig. 12. 

25 

Other Variations 

Although the above explanation is for the case wherein the test cell is generated and input into an ATM 
cross -connecting apparatus in a node, and the test cell output from the ATM cross-connecting apparatus is 

30 examined In the same node, it is possible to examine the test cell in the next nodes to which the test cells are 
transmitted from the node in which the ATM cross-connecting apparatus to be monitored is located. In this case, 
the provisions according to the first and second embodiments of the present invention are. In particular, ad- 
vantageous because no information is required to be transmitted to the next nodes for carrying out the opera- 
tions of the constructions of Figs. 8 and 11 in the first and second embodiments, respectively. As explained 

35 before, in the conventional monitoring system, all data of the PN sequence must be transmitted to the next 
nodes for detemnining whether or not the test cell contains an error. 

Reference signs in the claims are intended for better understanding and shall not limit the scope. 



40 Claims 

1. A monitoring system for an ATM cross-connecting apparatus (1), for re-writing a VPI of an input cell and 
outputting the input cell from an output port corresponding to the re-written VPI, comprising: 

a setting portion (2) for setting an initial value of a PN pattern and the PN pattern based on the initial 
45 value, in an infonmation field in an inside-apparatus monitoring cell which is input into said ATM cross- 

connecting apparatus (1); and 

a detecting portion (3) for detecting an error in the cell by extracting the cell output from said ATM 
cross-connecting apparatus (1) and comparing the PN pattern in the cell with a PN pattern based on the 
initial value. 

50 

2. A monitoring system for an ATM cross-connecting apparatus (1), for re-writing a VPI of an input cell and 
outputting the input cell from an output port corresponding to the re-written VPI, comprising: 

a setting portion (2) for setting a bit pattern as a basis of a primitive polynomial, an initial value of 
a PN pattem, and the PN pattern based on the Initial value, in an infonmation field In an inside-apparatus 
55 monitoring cell which Is input into said ATM cross-connecting apparatus (1); and 

a detecting portion (3) for detecting an error In the cell by extracting the cell output from said ATM 
cross-connecting apparatus (1) and comparing the PN pattem in the cell with a PN pattem based on the 
Initial value and the bit pattem. 
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A monitoring system for an ATM cross-connecting apparatus (1), for re-writing a VPI of an input cell and 
outputting the input cell from an output port corresponding to the re-vsff-itten VPI, comprising: 

a setting portion (2) for setting the same value as the VPI in a header portion of the cell, in an in- 
formation field in an inside-apparatus monitoring cell which is input into said ATM cross-connecting ap- 
paratus (1 ); and 

a detecting portion (3) for detecting an error in the cell by extracting the cell output from said ATM 
cross-connecting apparatus (1) and comparing a VPI in the header portion with the VPI in the information 
field. 
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